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(54) Acoustic liner 

(57) An acoustic liner employable in jet engine hous- 
ing construction for sound absorption such as for inclu- 
sion in nacelle components. The liner has a solid back- 
face (12) sheet having a surface to which is attached a 
first side of a honeycomb core structure. Attached to the 
opposing second side of the honeycomb core structure 



ifi a nnfi.cih structurfi tn which \r attached a per- 
forated face sheet (1 6Uo be ex pn^ftH tn tha eyterirtr As 
IS thus apparent, tjie liner of pr^sfint invention pro- 
vides a mesh (18^ si^ fj^ ^ted below a protective perfora te 
sheet (16). T his construction produces an acoustic liner 
having substantially the efficiencv of a linear liner s vs- 
tem and the durability of a perforate face sheet system. 
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Description 

Field of the Invention 

[0001] This invention relates in general to noise con- 
trol, and in particular to an acoustic liner employable in 
the construction of jet engine housings to absorb sound. 

Background of the Invention 

[0002] In view of the significant annplitude of noise 
generated by operating jet engines of aircraft, it is conn- 
mon to employ sound absorbing panels or liners such 
as for nacelle inlet cowls serving the engines to thereby 
reduce the magnitude of noise volume produced by the 
engines and released into the environment. Two com- 
mon acoustic treatments now used on nacelle inlet 
cowls are either a perforate face sheet system or a linear 
liner system. The former comprises a perforate face 
sheet bonded to a honeycomb core structure which is 
attached to a solid backface sheet. The linear liner sys- 
tem comprises a woven wire mesh structure bonded to 
a perforate sheet which, in turn, is bonded to a honey- 
comb core structure. To complete the assembly, the 
honeycomb core structure is bonded to a solid backface 
sheet in the same manner as in the perforate face sheet 
system. 

[0003] While the iinearliner system produces superior 
sound absorption in comparison to the perforate face 
sheet system, a problem exists with the woven wire 
mesh structure of the linear liner system because the 
mesh structure is exposed to the exterior Specifically, 
when mechanics work inside the inlet, or when certain 
foreign objects strike the liner, the exposed mesh skin 
is relatively easily susceptible to damage which, of 
course, must then be repaired to prevent ingestion of 
mesh structure into the engine. Conversely, the perfo- 
rate face sheet system does not perform nearly as well 
acoustically, but its exposed perforate sheet surface 
withstands usual wear. 

[0004] In view of the superior performance found in 
the linear liner structure, it is apparent that a need is 
present for a liner having sound absorbing qualities 
equal to such linear liner, except with durability qualities 
equal to those present in the perforate face sheet sys- 
tem. Accordingly, a primary object of the present inven- 
tion is to provide an acoustic liner exhibiting such char- 
acteristics by incorporating both a mesh structure and 
a perforate sheet structure. 

[0005] Another object of the present invention is to 
provide an acoustic liner wherein a pedorate sheet is 
exposed to the exterior and wherein a mesh structure is 
disposed immediately below the perforate sheet. 
[0006] Yet another object of the present invention is 
to provide an acoustic liner wherein the liner additionally 
includes a honeycomb core structure immediately be- 
neath the mesh structure and a solid backface sheet im- 
mediately beneath the honeycomb core structure. 



[0007] Still another object of the present invention is 
to provide an acoustic liner wherein the mesh structure 
and the backface sheet are bonded to opposing sides 
of the honeycomb core structure with adhesive chosen 
5 and applied to prevent wicking of the adhesive into the 
woven stainless steel mesh. 

[0008] These and other objects of the present inven- 
tion will become apparent throughout the description 
thereof which now follows. 

10 

Summary of the Invention 

[0009] The present invention is an acoustic liner em- 
ployable in jet engine housing construction for sound ab- 
sorption such as for inclusion in nacelle components. 
The liner comprises a solid backface sheet having a sur- 
face to which is attached a first side of a honeycomb 
core structure. Attached to the opposing second side of 
the honeycomb core structure is a mesh structure to 

20 which is attached a perforated face sheet to be exposed 
to the exterior. As is thus apparent, the liner of the 
present invention provides a mesh situated between the 
protective perforate sheet and the core structure. This 
construction produces an acoustic liner having acoustic 

2S efficiency substantially equivalent to that of a linear liner 
system with durability substantially equivalent to that of 
a perforate face sheet system. As a result, a jet-engine 
housing built according to the present invention pro- 
vides both noise control and structural stability. 

30 

Brief Description of the Figures 

[0010] An illustrative and presently preferred embod- 
iment of the invention is shown in the accompanying 
3S drawings in which: 

Figure 1 is a perspective view partially in section of 
a portion of a prior art construction of an acoustic 
liner having a mesh exterior; and 
40 Figure 2 is a perspective view partially in section of 
a portion of an acoustic liner providing a perforate 
face sheet with a mesh structure there beneath. 

Detailed Description of the Preferred Embodiment 

45 

[0011] Referring to Figure 1, a portion of a prior art 
acoustic liner 10 is shown. This liner 10 is commonly 
referred to as a "linear liner, " and is constructed with four 
components. In particular, the liner 10 has a solid back- 

so face sheet 12 to which is bonded a honeycomb core 
structure 14. To the opposite side of the honeycomb 
core structure 1 4 is bonded a perforated sheet 16 which 
is covered by a mesh structure 18 bonded to the perfo- 
rated sheet 16. As earlier noted, the linear liner 10 has 

55 excellent acoustic performance, but its exposed mesh 
structure 18 causes durability concerns in view of po- 
tential impact damage as well as peel. When such a liner 
10 is employed for jet engine nacelles, for example, im- 
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pact damage can occur from flying objects as well as 
from mechanics during performance of regular mainte- 
nance tasks. If mesh-structure peel occurs, the portion 
of the structure 18 that becomes free can be ingested 
into the engine and therefore can create a potential safe- s 
ty hazard. 

[0012] Referring to Figure 2, a portion of an acoustic 
liner 20 according to the present invention is shown. 
Specifically, the liner 20 has a solid backface sheet 12 
to which is bonded a honeycomb core structure 14. To lO 
the opposite side of the honeycomb core structure 14 is 
bonded a mesh structure 18 which is covered by a per- 
forated sheet 16 bonded to the mesh structure 18. 
Thickness of the sheet 16 is preferably between about 
0.025 inch and 0.032 inch. Perforate hole diameter pref- ^5 
erably is between about 0.056 inch and 0.058 inch, hav- 
ing 60 degree staggered hole spaces between about 
0.089 inch and 0.097 inch. Porosity of the sheet 16 pref- 
erably should provide between about 30% and 38% 
open area.-Bonding of the mesh-struGture 18 to the hon- 20 
eycomb core structure 14 is preferably accomplished 
through application of a tow-flow reticulating adhesive 
such as the unsupported film adhesive produced by 
Dexter Hysol under the catalog number EA9689, .06 
PSF. The opposite side of the core structure 14 is bond- ^5 
ed to a backface sheet 12 with an adhesive produced 
by Dexter-Hysol under catalog number E A9689 0. 1 0 psf 
unsupported. 

[0013] Employment of a reticulating adhesive mini- 
mizes wicking of the adhesive into the mesh structure 30 
18 as well as into the core structure 14 to thereby main- 
tain acoustic properties. Bonding of the perforated sheet 
16 tothe mesh structure 18 likewise is accomplished by 
spraying an adhesive such as the sprayable epoxy ad- 
hesive produced by 3fOl Company under the catalog 35 
number EC3710-20% solids on the surface of the per- 
forated sheet 1 6 to be in contact with the mesh structure 
18. 

[0014] While non-metallic materials can be employed 
in constructing the acoustic liner 20 depending upon its 40 
application, in the embodiment illustrated in Figure 2 the 
backface sheet 12, core structure 14 and perforated 
sheet 16 are fabricated of aluminum, while the mesh 
structure 1 8 is constructed of woven stainless steel wire. 
The mesh structure 18 is preferably about 0.006 inch 4S 
thick, with a resistance that varies depending upon 
acoustic requirements. The perforated sheet 1 6 is about 
0.025 inch thick with hole diameter about 0.057 inch, 
while the core can be from 0.5 inch to two inches thick 
wfth a cell size from about one-fourth inch to three eighth 50 
inch. The backface sheet 12 is preferably 2024-T81 alu- 
minum having a thickness of about 0.063 inch. Fabrica- 
tion preparation commences with degreasing the alumi- 
num core structure 14 and stainless steel mesh struc- 
ture 18. The core structure 14 then is primed with an ss 
epoxy sprayable adhesive primer such as that produced 
by Dexter Hysol under the catalog number EA9205-20% 
solids, and cured at 325°F. The reticulating adhesive is 



B-staged at 175°F, and reticulated on the core structure 
14 for bonding of the mesh structure 18. The opposite 
side of the core structure 14 is bonded to the backface 
sheet 12 with an adhesive produced by Dexter Hysol 
under Catalog Number EA9689 0.10 psf supported 
epoxy film adhesive. Bonding is accomplished in an 
autoclave at 350** F and 45 psi pressure. The term "B- 
stage" is an intermediate stage in the reaction of the 
epoxy film adhesive in which the adhesive has been 
heated to a temperature below the final cure tempera- 
ture for a period of time to minimize adhesive flow during 
the final cure cycle and prevent the adhesive from re- 
ducing the mesh percent open area. For the adhesive 
here used, the temperature is 1 70-1 75° F for two to four 
hours. 

[0015] The aluminum perforated sheet 16 is heat 
treated to the T4 condition, straightened, and aged to 
the T62 condition. The "T' condition is the temper of an 
aluminum alloy that defines its strength and corrosion 
eharaetcristies. "T4" represents that-ths alloy vvas solu- 
tion heat treated (heated to a certain temperature and 
then immediately cooled in a water or glycol bath) and 
naturally aged at room temperature to attain its final 
properties. "T62' represents that the aluminum alloy is 
treated the same as in the "T4'' procedure except that it 
is aged in an oven (artificially aged) to attain its: final 
properties. Thereafter, the perforated sheet 16 is sulfu- 
ric-acid anodized, primed with epoxy primer, such as 
that produced by Dexter Hysol under the catalog 
number EA9205-20% solids as identified above, and 
cured at 345" F. Adherence of the perforated sheet 16 
to the mesh structure 18 is accomplished by spraying 
an epoxy adhesive, such as that produced by 3M under 
the catalog number EC3710-20% solids, on the exit 
punch side of the perforated sheet 16. B-staging the 
sheet 16 at 210"^ and completing lay up and bonding 
thereof in an ovenA/acuum bag at 300** R 
[0016] As will be appreciated by those with ordinary 
skill in the art, the pnnciples of this invention can be 
practiced for many applications. Thus, while an illustra- 
tive and presently preferred embodiment of the inven- 
tion has been described in detail herein, it is to be un- 
derstood that the inventive concepts may be othenwise 
variously embodied and employed and that the append- 
ed claims are intended to be construed to include such 
variations except insofar as limited by the prior art. 



Claims 

1 . An acoustic liner employable for sound absorption, 
the liner comprising: 

a) a solid backface sheet having a surface; 

b) a honeycomb core structure having a first 
side and an opposing second side, with the first 
side thereof bonded with a first bonding agent 
to the surface of the backface sheet; 
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c) a mesh structure bonded with a second 
bonding agent to the second side of the honey- 
comb core; and 

d) a perforated tace sheet having a surface 
bonded with a third bonding agent to the nnesh s 
sheet. 

2. An acoustic liner as claimed in Claim 1 wherein the 
backface sheet, honeycomb core structure, mesh 
structure and perforated face sheet are metal. io 

3. An acoustic liner as claimed in Claim 2 wherein the 
backface sheet, honeycomb core structure and per- 
forated face sheet are aluminum. 

15 

4. An acoustic liner as claimed in Claim 3 wherein the 
mesh structure is woven stainless steel wire. 

5. An acoustic liner as claimed in Claim 4 wherein the 
first bonding agent is an epoxy supported film ad- 20 
hesive. 

6. An acoustic liner as claimed in Claim 5 wherein the 
second bonding agent is an epoxy reticulating ad- 
hesive. 25 

7. An acoustic liner as claimed in Claim 5 wherein the 
third bonding agent is an epoxy spray adhesive. 

8. An acoustic liner employable for sound absorption, 30 
the liner comprising: 

a) a metal solid backface sheet having a sur- 
face; 

b) a metal honeycomb core structure having a 35 
first side and an opposing second side, with the 
first side thereof bonded with an epoxy support- 
ed film adhesive to the surface of the backface 
sheet; 

c) a metal mesh structure bonded with a retic- 40 
ulating adhesive to the second side of the hon- 
eycomb core; and 

d) a metal perforated face sheet having a sur- 
face bonded to the mesh sheet. 

45 

9. An acoustic liner as claimed in Claim 8 wherein the 
backface sheet, honeycomb core structure and per- 
forated sheet are constructed of aluminum. 



10. An acoustic liner as claimed in Claim 9 wherein the 50 
mesh structure is constructed of stainless steel. 

11. A method for fabricating an acoustic liner for sound 
absorption, the method comprising: 

55 

a) priming opposing sides of a honeycomb core 
structure by applying an epoxy adhesive primer 
to each side and curing said primer; 



b) applying a B-staged reticulating adhesive on 
one side of the core structure, placing a mesh 
structure on that side of the core structure and 
applying a supported film adhesive to the op- 
posite side of the core structure to which a 
backface sheet is applied and heating the re- 
sultant product for a time sufficient to cause 
bonding of the backface sheet and the mesh 
structure to the structure; 

c) priming a perforated sheet by applying an 
epoxy primer on both sides thereof and curing 
said primer; and 

d) placing the perforated sheet on the mesh 
structure and heating the resultant product for 
a time sufficient to cause bonding of the perfo- 
rated sheet to the mesh structure. 

12. A method for fabricating an acoustic liner as 
claimed in Claim 11 wherein the mesh structure is 
stainless steel. 

13. A method for fabricating an acoustic liner as 
claimed in Claim 12 wherein the backface sheet, 
core structure and perforated sheet are constructed 
of aluminum. 

14. A method for fabricating an acoustic liner as 
claimed in Claim 13 wherein the mesh structure is 
about 0.006 inch thick, the perforated sheet is about 
0.025 inch thick, the core structure is between about 
0-5 inch and 2 inches thick, and the backface sheet 
is about 0.063 inch. 

15. A method for fabricating an acoustic liner as 
claimed in Claim 14 wherein in the perforated sheet 
hole diameters thereof are between about 0.056 
inch and 0.058 inch. 

16. A method for fabricating an acoustic liner as 
claimed in Claim 15 wherein porosity of the perfo- 
rated sheet provides between about 30% and 38% 
open area. 
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(1 4) is a mesh structure (18) to which is attached a per- 
forated face sheet (1 6) to be exposed to the exterior. As 
is thus apparent, the liner of the present invention pro- 
vides a mesh (18) situated below a protective perforate 
sheet (16). This construction produces an acoustic liner 
having substantially the efficiency of a linear liner sys- 
tem and the durability of a perforate face sheet system. 
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